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(§) Process and apparatus for dry forming of a material web from a long-fiber material. 



@ The invention relates to a process and an 
apparatus for the dry forming of a material web 
from a long-fiber material, wherein fibrous ma- 
terial is blown into a forming space to form a 
porous material web on a wire passing through 
the forming space. The dry forming of long 
fibers in lengths of at least 20 mm is problema- 
tic. In accordance with the invention, this prob- 
lem has been solved in such a way that 

— the fibrous material is blown into the form- 
ing space by means of at least one air current 
(A) that is substantially horizontal and trans- 
verse to the wire, 

— the fibrous material is guided onto the 
surface of the wire (1) by means of an air current 
(D) that is substantially vertical and passes 
through the wire downwardly, 

— and that the desired material web (F) is 
formed by the combined effect of said horizon- 
tal and vertical air currents. 
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The present invention relates to a process and an 
apparatus for the dry forming of a materia] web from 
a long-fiber material, wherein fibrous material is 
blown into a forming space to form a porous material 
web on a wire passing through the forming space. 5 

In dry forming processes, such as dry paper- 
making machines, special forming parts for the 
screening and processing of the fibrous material are 
employed, wherein a uniform material web is pro- 
duced on the wire by employing and regulating van- 10 
ous mechanical screens, cleaning and mixing devic- 
es, and air currents. Thereafter a bonding agent is 
sprayed onto the material web, and the web is trans- 
ported into a heating zone wherein the bonding agent 
melts and adheres to the fibers, bonding them togeth- is 
er into a firm paper product 

The number and shape of perforations in the 
mechanical screens, such as forming drums, as well 
as the shape and other similar properties of the 
screens employed in the forming parts referred to 20 
above are of crucial importance for the quality of the 
material web and thereby for the final product An in- 
herent quality in the screens is that the higher the 
average fiber length in the raw material, the more crit- 
ical the selection of a correct screen and correct use 25 
of the screen. This is a matter of current interest par- 
ticularly in view of the present-day dry-formed prod- 
ucts based on long synthetic fibers. While the aver- 
age length of wood fibers is 2 to 6 mm, synthetic fib- 
ers may in principle have an infinite length, but with 30 
the present technology it should be possible to dry- 
form webs of synthetic fibers having a maximum 
length of 20 to 25 mm. However, this requires a fairly 
complicated forming machinery having a manifold 
forming unit and complex tubing and recycling equip- 35 
ment In this regard, reference is made to European 
Patent 188 454. 

One concrete set of problems is presented by the 
manufacture of GMT (Glass Mat Thermoplastics) 
products. The car industry, in particular, currently 40 
uses more than 25 000 tons of GMT parts per annum, 
and the consumption is forecast to increase to 60 000 
by 1995. The advantage of GMT products over ther- 
mosetting plastics is the possibility of reusing the 
products. Glass fiber is normally used as reinforcing 45 
fiber, and polypropylene is used as the raw material 
for the matrix. 

The strength of GMT products is influenced for in- 
stance by the proportion of reinforcing fibers in the 
product the length of the reinforcing fibers, and the so 
surface finishing thereof. With a 30% glass fiber con- 
tent, the tensile strength obtained for the product is 
approximately 70 MPa/mm 2 . With rockfibers, i.e. min- 
eral fibers, a tensile strength of 30 -40 MPa/mm 2 can 
be obtained, respectively. As research proceeds and 55 
special materials are employed, the strength values 
can be expected to further increase signif icantly. The 
GMT product range comprises for instance in the car 



industry bumpers, seats, control panels, etc 

The GMT production processes currently em- 
ployed are based on coating a material web with a 
matrix-forming substance (Continuous Melt Impreg- 
nation Process) or on laying a material web in a bond- 
ing agent suspension (Continuous Slurry Deposition 
Process). Modifications of these, as well as totally 
new processes are being developed continually as 
the demand increases and the production technology 
is mastered. However, in all GMT processes at least 
the forming of the reinforcing fiber component into a 
material web of a uniform quality is necessary. When 
the glass fiber length is in the order of 50 mm, even 
up to 60 mm, it is obvious that conventional dry form- 
ing parts are not capable of adequate processing of 
the fibers. It has been found that enlarging the per- 
forations in a screen member in principle improves 
the screening of long fibers onto the material web, but 
when the perforations have sufficient size, the 
screen loses its screening and distribution capability 
completely. Therefore, the forming technology of a 
material web must be developed starting from a total- 
ly new basis. In GMT products, the fiber length is not 
an end in itself, but the strength and bonding proper- 
ties determine the minimum lengths of the fibers em- 
ployed. It is obvious that very short fibers cannot be 
employed irrespective of their possible strength, 
since they do not extend to sufficiently many points 
of contact i-e. bonding points, with other fibers in or- 
der for the bonded product to have sufficient 
strength. Thus it can be assumed that the average 
length of the fibrous material to be formed into a ma- 
terial web, or of a fiber component therein, is at least 
about 20 mm. 

The above facts have given rise to the need for 
providing a process and an apparatus suitable for the 
dry forming method which impose no strict limitations 
on the length of the fibrous raw material employed 
and by which material webs can be formed of fibers 
or fiber mixtures including very long fibers as com- 
pared with those employed in the present technology. 

To produce this effect, the process of the inven- 
tion is characterized in that 

- the fibrous material is blown into the forming 
space by means of at least one air current that 
is substantially horizontal and transverse to the 
wire, 

- the fibrous material is guided onto the surface 
of the wire by means of an air current that is 
substantially vertical and passes through the 
wire downwardly, 

- and that the desired material web is formed by 
the combined effect of said horizontal and vert- 
ical air currents. 

The most significant advantages of the invention 
are almost total insensitivity to fiber length, absence 
of moving parts in the forming space with the excep- 
tion of the wire, and almost unlimited possibilities of 
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process control. The basic idea of the invention lies 
in recognizing the problems of the forming part for 
long fibers and drawing conclusions therefrom on the 
one hand, and on the other hand carrying the possi- 
bilities afforded by dry forming to the extreme, that is, 5 
omission of screening or similar mechanical treat- 
ment of the fibers entirely, as the fibers can be treat- 
ed by means of air currents. This is not a self-evident 
outcome, as mechanical screening drums as well as 
cleaning and guiding means are essential in the form- 10 
ing parts for shorter fibers, particularly those sus- 
ceptible to bundle formation. 

In a preferred embodiment of the invention, part 
of the fibers are recycled out from the forming space 
and back thereinto. This is essential in forming 15 
spaces where otherwise a danger of blockage exists. 
Further, as will be seen hereinafter, recycling affords 
the possibility of achieving a uniform material web 
more easily. 

The advantageous embodiments of the process 20 
of the invention are characterized by that which is set 
forth in the ensuing claims. 

The apparatus of the invention is characterized 
by that which is set forth in the ensuing apparatus 
claims. 25 

The invention will now be described in closer de- 
tail by means of examples with reference to the ac- 
companying drawings, in which 

Figure 1 is a lateral cross-sectional view of a 
forming apparatus of the invention, 30 
Figure 2 is an end cross-sectional view of the 
forming apparatus of the invention, 
Figure 3 shows an embodiment of a forming proc- 
ess of the invention, and 

Figure 4 shows another embodiment of the form- 35 

ing process of the invention. 

Figure 1 shows a forming apparatus of the inven- 
tion, wherein a long-fiber material, in this exemplary 
case glass fiber of a length of about 50 mm, is sup- 
plied to form a porous web onto a wire 1 passing 40 
through a forming space (arrow A, primary feed of fi- 
brous material). The fibrous material is blown into the 
forming space 2 through pipe fitting 3 by means of a 
horizontal air current A transverse to the wire. The air 
flow rate is one of the adjustable variables in the 45 
forming process of the invention, and it may be in the 
order of 25 m/s. The grammage of the web to be 
formed may be 500 - 3000 g/m 2 , for instance. 

The fibrous materia! is guided to the surface of 
the wire by means of a vertical air current D from so 
above, extending across the wire. The vertical air cur- 
rent is divided by means of guiding ducts 4a - 4e into 
fractions D, - D 5 acting on different points in the trans- 
verse direction of the wire. The guiding ducts are con- 
trolled by regulating means 5 wherewith the air cur- 55 
rent in each conduit can be separately adjusted to 
permit regulation of the air current intensity profile in 
the transverse direction of the wire so as to produce 



an optimally uniform transverse profile for the mate- 
rial web. It is advantageous but not indispensable that 
the air current E exhausted from a suction box 8 pro- 
vided underneath the wire be recycled from opening 
11 through a fan 9 back into the vertical air current D. 
Since the discharged air current E is hot, this ar- 
rangement may cause excessive heating of the sup- 
ply air for instance in tropical conditions, and in that 
case fresh air should at least partly be taken in with 
the supply air. 

The desired material web F is formed as the com- 
bined action of said horizontal and vertical air cur- 
rents, as the air currents encounter above the wire 1. 
Part of the fibers carried by the horizontal primary 
current into the forming space are removed (arrow B) 
from the forming space through pipe fitting 10 and re- 
cycled by means of fan 6 back into the forming space 
as a secondary feed C from pipe fitting 7 located on 
t he same side as the pipe fitting 3 for the primary sup- 
ply, but lower than this. The last-mentioned fact is sig- 
nificant for the uniformity of the web being formed, 
the grammage of which will otherwise easily be too 
low beneath the pipe fitting 3. According to a prefer- 
red embodiment of the invention, the forming appa- 
ratus is so constructed that the material web F is 
formed in accordance with Figure 2 in forming units I 
and II arranged in pairs and operating in reverse 
phases. Thus there are at least two forming spaces, 
wherein at leastthe primary feed of fibers comes from 
opposite directions into the forming spaces. It is easy 
to produce a web of a uniform quality on the entire 
width of the web by means of forming parts operating 
symmetrically in this way. 

The completed web F is bonded in a flow-through 
drier, for instance, whereafter it is removed from the 
drier wire and wound on a roll for further processing, 
such as GMT processing (cf. Figure 3). 

Figure 2 shows the construction of the suction 
box 6 in closer detail. The suction box incorporates 
longitudinal air current guide plates 12 wherewith the 
distribution of air in the suction box and its discharge 
can be regulated. The regulation is performed by in- 
clining the plates and/or extending them in the direc- 
tion of the arrows, so that the gap between the lower 
edge of the plates and the bottom of the suction box 
8 changes. The regulation has the purpose of equal- 
izing the vertical air current in the forming space by 
producing an air current distributed as uniformly as 
possible through the wire into the.suction box. 

Webs formed by the process in accordance with 
the invention may be formed from glass fibers only, 
bonded with a suitable bonding agent, e.g. one based 
on thermoplastic, under the influence of heat The 
fibers may also consist of a mixture of glass fiber and 
mineral fiber, i.e. rock fiber, wherein the mineral fib- 
ers primarily serve as a filler, or for instance of a bi- 
component fiber comprising a PP fiber coated with a 
PE layer, for instance. In the final product, the PP f ib- 



3 



5 EPO 

er forms a reinforcement and the PE layer is fused, 
bonding the reinforcing fibers together. The bonding 
may also be provided in a variety of other convention* 
al ways, like mixing thermoplastic bonding fibers with 
the glass fibers, spraying the web with a bonding 
agent, or immersing the fibers in a bonding agent dis- 
persion ahead of the web forming part In accordance 
with a preferred embodiment of the invention, the 
average length of the fibrous materia! to be formed 
into a material web or a fiber component therein is at 
least about 20 - 60 mm. 

Figure 3 shows an embodiment of the forming 
process of the invention, wherein a GMT product is 
formed by a continuous melt impregnation process. 
The steps in the GMT process are: 

- laying a porous web 13, for instance by the 
process and apparatus of the invention, glass 
fiber (for example 30% on the weight of the fi- 
nal product) and a suitable bonding agent be- 
ing the raw materials, 

- preheating of the web in a furnace 14, 

- coating and/or impregnation of the web by 
thermoplastic (polypropylene) by means of 
nozzles 15, and compression between press 
rolls 16, 

- consolidation step, that is, smoothing step on 
a compression track 17, whereafter the prod- 
uct is cut into sheets and transported to stock. 

Figure 4 shows another embodiment of the form- 
ing process of the invention, wherein a GMT product 
is formed by mixing glass fiber and polypropylene fib- 
er. In this case, the steps are the following: 

- mixing of the fibers in a mixer 18, 

- laying of a porous web 20 with the apparatus 
19 of the invention, 

- bonding of the web in a flow-through furnace 
21, 

- consolidation step, that is, smoothing step on 
a compression track 22, whereafter the prod- 
uct is cut into sheets and transported to stock. 

It is obvious to one skilled in the art that the dif- 
ferent embodiments of the invention are not limited to 
the examples set forth above, but they can vary with- 
in the scope of the ensuing claims. Thus, the fibrous 
material to be treated is in no way restricted to glass 
or polypropylene fibers or any other material or mix- 
tures thereof, but the fiber length of at least one fiber 
component in the material to be formed into a web is 
essential to the invention. 



Claims 

1. A process for the dry forming of a material web 
from a long-fiber material, wherein fibrous mate- 
rial is blown into a forming space (2) to form a por- 
ous material web on a wire (1) passing through 
the forming space, characterized in that 
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- the fibrous material is blown into the form- 
ing space by means of at least one air cur- 
rent (A) that is substantially horizontal and 
transverse to the wire, 

5 - the fibrous material is guided onto the sur- 

face of the wire (1) by means of an air cur- 
rent (D) that is substantially vertical and 
passes through the wire downwardly, 

- and that the desired material web (F) is 
10 formed by the combined effect of said hor- 
izontal and vertical air currents. 

2. A process as claimed in claim 1 , characterized in 
that the vertical air current (D) is divided by 

15 means of guiding ducts (4a - 4e) into fractions (D^ 
- D 5 ) acting on different points in the transverse 
direction of the wire (1), the guiding ducts being 
adjusted to regulate the air current intensity pro- 
file in the transverse direction of the wire so as 

20 to produce an optimally uniform transverse pro- 
file for the material web (F). 

3. A process as claimed in claim 1 or claim 2, char- 
acterized in that at least part of the fibers carried 

25 by the horizontal primary current (A) into the 
forming space are removed from the forming 
space and recycled back into said space as a sec- 
ondary feed (C) located on the same side as the 
feed of the primary current (A), but lower than 

30 this. 

4. A process as claimed in claim 1 , 2 or 3, charac- 
terized in that the material web (F) is formed in 
at least two successive forming spaces (2) oper- 

35 ating in pairs in reverse phases, so that at least 
the primary horizontal air current (A) is fed into 
the forming spaces from opposite directions. 

5. A process as claimed in any one of claims 1 to 4, 
40 characterized in that the vertical current (D) is 

recycled from a suction box (8) provided beneath 
the wire (1) back into the feed of the vertical air 
current (D). 

45 6. A process as claimed In any one of claims 1 to 5, 
characterized in that the vertical air current (D) 
is equalized in the forming space by means of the 
air suction box (8) disposed beneath the wire (1) 
and extending across said wire, by regulating the 

so distribution of air and its discharge from the suc- 
tion box by means of longitudinal air current guide 
plates (12). 

7. A process as claimed in any one of claims 1 to 6, 
55 characterized in that the average length of the 
fibrous material to be formed into a material web 
(F) or of a fiber component therein is at least 
about 20 - 60 mm. 



4 



7 EP 0 536 904 A1 8 

8. An apparatus for the dry forming of a material 
web from a long-fiber material, comprising means 
for blowing fibrous material into a forming space 
to form a porous material web onto a wire passing 
through the forming space, characterized in that 5 
the means (3) for blowing the fibrous material into 

the forming space are arranged to direct an air 
current (A) substantially horizontally and trans- 
versely to the wire, and that the apparatus com- 
prises other means (4a - 4c, 5) for creating on the 10 
surface of the wire (1) a substantially vertical air 
current (D) passing downwardly through the 
wire, so that said horizontal and vertical air cur- 
rents (A, D) encounter above the wire. 

9. An apparatus as claimed in claim 8, character- 
ized in that the feed of the vertical air current (D) 
is divided in parts into guiding ducts (4a - 4c) the 
outlets of which are located at different points In 

the transverse direction of the wire, and that the 20 
guiding ducts have regulating means (5) where- 
with the air current (0 A - D 5 ) in each conduit can 
be separately adjusted. 

10. An apparatus as claimed in claim 8 or claim 9, 25 
characterized in that in addition to the opening 

(3) for the horizontal primary current (A), a sec- 
ondary opening (7) for recycled fibrous material 
opens up into the forming space (2), said second- 
ary opening (7) being located on the same side 30 
of the apparatus as the primary opening, but low- 
er than this. 

11. An apparatus as claimed in claim 8, 9 or 10, char- 
acterized in that the apparatus comprises at 35 
least two successive forming units (I, II), at least 

the feed opening (3) for the primary horizontal air 
current (A) being arranged in the forming spaces 
(2) of said forming units in pairs on opposite sides 
of the wire (1). 40 

12. An apparatus as claimed in any one of claims 8 
to 11, characterized in that a suction box (8) for 
the vertical air current is provided beneath the 
wire (1), and air recycling (E, 9) back into the feed 45 
of the vertical air current (D) is arranged from 
said suction box (8). 

13. An apparatus as claimed in any one of claims 8 

to 12, characterized in that an air suction box (8) so 
is provided beneath the wire (1) and extends 
across said wire, incorporating longitudinal, de- 
flectable and/or length-adjustable air current 
guide plates (1 2), the distribution of air in the suc- 
tion box and its discharge therefrom being adjust- 55 
able by adjusting said plates. 
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